to assess the outcome of dredging activity on the water characteristics and zooplankton community structure in Dal Lake. An assessment was done with respect to alterations in physico-chemical parameters and zooplankton community changes in predredged and post-dredging periods. The results showed a considerable reduction in Secchi transparency while water depth, conductivity, total dissolved solids, nitrate and total phosphorous concentrations increased noticeably in post dredging scenario. Variations in the values of dissolved oxygen, pH and temperature as a result of dredging were not statistically significant. The environmental changes as a result of dredging activity affected the structure and distribution of zooplankton community; the abundance of rotifers decreased, while the crustaceans increased. The prominent taxa were Brachionus sp., Keratella cochlearis, Bosmina longirostris, Chydorus sphaericus and Diaptomus sp.
INTRODUCTION
Eutrophication of lakes which leads to deterioration of aquatic ecosystems has been of a great concern around the globe (Ruban et al., 2001; Bennion et al., 2015) . The major factors that pose environmental threats to water bodies include increasing anthropogenic pressure that may result in excessive input of nutrients and organic matter. Excessive loading of nutrients leads to increased algal growth, high nitrogen and phosphorus loads, toxicity, changes in community structure, loss of recreational amenity and reduction in water clarity in most lakes (Smith, 1998; Carpenter et al., 1999; Yin and Kong, 2015) .
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Dal Lake, a Himalayan urban lake which is one of the beautiful lakes known for its pristine beauty, has been a great concern for ecologists due to fast decline in its size and water quality. The main natural process responsible for the decrease of lake area is siltation, a process wherein the catchment inflows dump huge silt into the water body (Rashid and Naseem, 2007) .
To combat this process of deterioration, restoration programmes have been initiated for reduction of excessive sedimentation and loading of nutrients in Dal Lake. A number of plans prepared by some national and international agencies were prepared to combat the process of deterioration of this water body, prominent ones being ENEX (1978) , Riddle (1985) , NLCP (1997) , AHEC Roorkee (2000) and CSIR-NEERI (2013) .
Sediment remediation is often required for improvements in the quality of water and other components of the aquatic ecosystem (Murphy et al., 1999; Hadnagy et al., 2015) . Dredging is one of the lake restoration techniques that removes surface bottom layers rich in pollutants and control their release or nutrient bioavailability (Sondergaard et al., 2007) . In many studies, dredging activity has been known to induce changes in the different components of the lake ecosystem. Many studies have been conducted to study sediment dredging and its environmental effects (Voie et al., 2002; Weston et al., 2002) . There is substantial increase in nitrate, ammonical nitrogen, total phosphorus, conductivity and total alkalinity after dredging (Kundangar and Abubakar, 2001) . Dredging is currently the most commonly selected option for remedying contaminated sediments (Gustavson et al., 2008) . However, there is an on-going debate between the proponents of negative effects which include release of toxic chemicals, increased turbidity, mortality of benthic organisms, altered food webs and issues with disposal of the dredged material (Zhong and Fan, 2007) ; and on the other hand, the positive benefits like treatment of eutrophic lakes for improvement of water quality and permanent removal of contaminants from an aquatic system are also being supported (Je et al., 2007; Mackie et al., 2007; Zhang et al., 2010) . In aquatic ecosystems, changes in species composition of small and rapidly reproducing organisms have been considered among the earliest and most sensitive ecosystem responses to anthropogenic stress (Schindler, 1987) . Zooplankton can also be used to indicate disturbance or recovery of aquatic ecosystem (Havens, 2002) . Only handful of information is available regarding the effects of dredging on zooplankton community (Li et al., 2007; Wu et al., 2008) .
In this study various physicochemical and biological characteristics of Dal Lake were surveyed over a period of one year (July 2013 to June 2014). The effects of dredging on water quality and zooplankton community structure has been explained in this paper. Pre-dredging and post-dredging statistical analysis was also used to elucidate the association between zooplankton taxa composition and their environment.
MATERIALS AND METHODS

Study area description
The Dal lake is situated in the north-east of Srinagar city at an altitude of 1600 m above mAMSL and lies between 34° 4' and 34° 9' N latitude and 74° 48' and 74° 53' E longitude. The lake covers an area of 18 km 2 and is a part of natural wetland which covers a total of 25 km Table 1 .
Plankton samples were procured by sieving 10 L of lake water through plankton net (140 T nylobolt) with a 63 µ mesh size. The plankton samples were immediately preserved in 4% formalin and sub-samples were examined under stereoscopic and compound microscopes for identification.
Enumeration of zooplankton was done by using 1 ml capacity Sedgwick-rafter (SR) cell with dimensions of 50 x 20 x 1 mm (APHA 2005) . Zooplankton samples were counted with a dissecting microscope at 40× magnification. Individuals were represented in per cubic meter. They were identified to the genus/species level with the help of standard taxonomic works like Edmondson (1959 ), Smirnov (1974 ), Pennak (1978 , Michael and Sharma (1998) and Sharma (1999) . Shannon-Weiner index was calculated as per Equation 1: (1)
In the equation, R is richness and is often the proportion of individuals belonging to the ith species.
Data analysis
The range, mean and standard deviation were calculated for descriptive statistical analysis using Microsoft excel 2010. To evaluate the differences in physicochemical parameters in pre and post-dredging stages, independent t tests were used. ANNOVA was applied to density of zooplankton species between various sites. 
RESULTS AND DISCUSSION
Water quality changes
Pre and post dredging characteristics of water are summarised in Table 2 . Significant differences (P<0.05)
were detected with respect to chemical indices (nitratenitrogen and total phosphorus) and physical indices (electrical conductivity, transparency and depth). The concentration of nitrate-nitrogen, total phosphorus, electrical conductivity and depth increased significantly after dredging. Secchi transparency declined significantly after dredging while variation in water temperature, dissolved oxygen, free CO 2 and alkalinity was found insignificant (Figure 2a and b) . Concentration of soluble nitrogen and phosphorus is generally high in fine grain sediment (Fisher et al., 1982; Valiela, 1995) . In post dredging scenario, the turbidity of water increased which may be attributed to the resuspension of sediment particles caused by the process of dredging. Dredging significantly increased the electrical conductivity of the lake water. An increase in the concentration of phosphorus was also observed after dredging, perhaps due to its potential release from bottom sediment on account of disturbance (Chunhua et al., 2000) . Statistical analysis of the result shows that there was a significant variation in few water parameters of the lake water soon after dredging. Average value of nitrate-nitrogen, total phosphorous and electrical conductivity increased soon after dredging operation which could be due to resuspension of nutrients in the water column (Ryding, 1982) . Ammonical nitrogen concentration showed an increasing trend after the commencement of dredging operation which can be attributed to potential release from sediments. The increase in TDS levels might be due to re-suspension of particulate matter (e.g., Ca, Mg, Na and their release from the sediments to the aqueous phase (Nayar et al., 2004) . It was found that the effects of sediment dredging on surface water pH, dissolved oxygen and water temperature were negligible; this is in consonance with Lewis et al. (2001) .
Zooplankton community structure
Trophic status of a water body determines the zooplankton community composition (Sládeček, 1983) .
Due to enhanced nutritional enrichment of lake ecosystems, there is considerable change in the zooplankton community structure (Conde-Porcuna et al., 2002; Hietala et al., 2004) . A total of 53 taxa including 25 taxa for Rotifera, 17 taxa for Cladocera and 12 taxa for Copepoda were recorded in Dal Lake (Table 3 ). The rotifer community during pre-dredging phase were numerically dominated by Asplanchna priodanta, Cephalodella gibba, Keratella cochlearis, Colurella obtusa followed by Brachionus sp. and Polyartha vulgaris. The zooplankton community structure of Dal Lake responded rapidly to the environmental changes. On the initiation of dredging, the species composition as well as dominance pattern changed resulting in the decline in abundance of rotifers whereas the zooplankton crustaceans increased markedly. Brachionus sp. was found to be dominant followed by Keratella cochlearis in post dredging period.
The representative taxa of Rotifera which markedly decreased were Asplanchna priodanta and Polyartha vulgaris, implying these species could possibly be considered as target taxa for more intensive monitoring. High abundance of Brachionus sp. after dredging activity can be considered as a biological indicator of nutrient rich waters (Attayde and Bozelli, 1998) .
The dominant cladocerans before the initiation of dredging were Ceriodaphnia laticaudata followed by Chydorous ovalis, Daphnia similis and Bosmina longirostris. The composition of this group also changed: Chydorous sphaericus, Daphnia pulex and Bosmina longirostris represented the bulk of the group after dredging process. The density of C. sphaericus increased significantly in post dredging stage. Diaptomus sp. and Cyclops scutifer were the abundant taxa among the (a) (b) Figure 2 . Mean (+/-SD) water quality parameters for pre-dredging (n=6), post dredging (n=6) and reference sites (n=12). copepods after dredging. It could be concluded that rotifers were much influenced by nutrients while zooplanktonic crustaceans were influenced by physical conditions in the lake (Davies et al., 2009; Wanganeo, 2010) . This is consistent with the results from previous studies that rotifers are more sensitive to changes in nutrients than crustaceans (Gannon and Stremberger, 1978) . The distributional pattern of zooplankton species among reference and post dredging sites is shown in Table 3 .
Shannon diversity index (Figure 3 ) of rotifers declined as the number of Brachionus sp., Colurella sp. and Polyartha vulgaris significantly dropped after dredging. The mean diversity value of Rotifera was 2.32 at reference site and pre and post dredging values were found to be 2.14 and 1.32, respectively. The Cladoceran diversity index increased (1.77) after dredging as compared to its reference value (1.60) and pre-dredging (1.48) scenario, while in case of Copepods, index decreased in post dredging settings. The inorganic suspended matter released in the water column after the excavation is known to be a key factor in shaping zooplankton assemblages in particular cladocerans (Kirk and Gilbert, 1990) . Progressive increase in the total density of cladocerans and a decrease of rotifer abundance group was marked noticeable. The presence of asynchronous trends between rotifers and cladocerans densities suggests that exploitative competition may be an important mechanism regulating filter feeder once the initial disturbance due to dredging is damped out. After the dredging phase, biotic interactions (predation and competition) appears be the main determinants in shaping zooplankton communities.
Conclusion
Pre and post dredging comparison of water quality revealed significant increase in the levels of phosphorus and nitrate nitrogen in the water column soon after dredging. The environmental changes as a result of dredging affected the structure and distribution of zooplankton community. Abundance of rotifers decreased, while the density of zoo-planktonic crustaceans increased noticeably. From this study, it can be concluded that dredging activity alters the physicochemical parameters of the water body and drastically changes the community composition of zooplankton. Predation and competition appears to be important determinants after dredging in building up the zooplankton community structure.
It is usually very difficult to predict and assess the lake condition using individual biotic community. So, extensive monitoring involving multiple biotic components will be necessary to assess post-dredging dynamics and guide management decisions. Zooplankton may be used in determining future lake health/trophic status of Dal Lake.
Dredging the lake sediments can only be effective after the influx of nutrients into the water body is controlled. Immediate measures required for further improvement are, controlling erosion in critical erosion zones of the catchment, arresting of suspended sediments in feeding nallah, reduction in permanent habitat in and around the lake and diversion of sewage to eliminate nitrogen and phosphorus entry. In-depth research in Dal Lake should help guide future dredging restoration project.
